Background: A systematic approach to the appropriate use of the open abdomen strategy has not been described. We propose three fundamental reasons for the use of this strategy, anatomical, physiological and logistical. Anatomical reasons pertain to the inability to bring the fascial edges together including soft tissue defects. Physiological reasons relate to features of systemic dysfunction. Logistical reasons involve any anticipated abdominal re-intervention while preserving fascia. These categories occur either as a single reason or in any combination. Methods: A single-center prospective observational study of patients with open abdomens in trauma and acute abdomen. Surgeons were asked to select from the three reasons (single or any combination of) their motivation for using the open abdomen upon completion of the initial operation. Patients were compared using the non-parametric Wilcoxon two-sample test or Kruskal-Wallis test. Chi-square or Fisher's exact test was used for categorical variables; Statistical significance set at P-value ≤ 0.05. Results: Forty-five consecutive patients with open abdomens were evaluated (Jan. 1-Dec. 31, 2012). Mean age was 38.8 years, 32 were male, 39 (86.7 %) sustained trauma. The most common single reason for the open abdomen was physiological (24.4 %), 33 patients had multiple reasons, the most common combination being anatomical and physiological (22.2 %). A physiological reason was linked to: lower pH, higher lactate, and lower systolic blood pressure on admission (p < 0.05). A logistical reason was associated with earlier primary fascial closure, intra-operative packing, and bowel left in discontinuity. Logistic regression and adjusted odds ratio of primary fascial closure was: physiological (0.08, 95 % CI, p = 0.043); logistical (6.03, 95 % CI, p = 0.036); and anatomical (0.83, 95 % CI, p = 0.816). Conclusion: We defined three basic indications for the use of the open abdomen, anatomical physiological and logistical. These indications establish a practical and comprehensive terminology that could help to promote appropriate use of the open abdomen.
Background
The open abdomen is considered a hallmark of damage control surgery. With the widespread use of this stagedapproach to the laparotomy, the open abdomen has become an acceptable option in the operative management of critically ill patients [1, 2] . Despite the use of the open abdomen technique by trauma and acute care surgeons, the fundamental indications that define its appropriate application are poorly understood [3] [4] [5] . The need to establish consensus indications was made clear by a recent meta-analysis reporting over one thousand indications for damage control surgery found throughout the literature [6] . The indications for the open abdomen and damage control surgery are often applied interchangeably. In many instances however, the open abdomen strategy can be used outside the context of the physiologic abnormalities associated with damage control surgery. Thus, the current indications for damage control surgery may not be sufficiently broad to guide the use of the open abdomen [3, 7] . Consequently, a comprehensive definition of the indications for the appropriate use of the open abdomen is required [8] .
The purpose of this study was to introduce a classification system supported by clinical data that provides practical and comprehensive terminology of the indications for the open abdomen.
Methods
The Research Ethics Committee of the Risoleta Tolentino Neves Hospital approved the conduct of this study (resolution number 196/96/23/2/07), informed consent was waived. This was a single-center prospective observational study.
Patients were screened on weekdays between 7:00-19:00 h at the Hospital Universitario Risoleta Tolentino Neves, a regional trauma center affiliated with the Federal University of Minas Gerais, located in Belo Horizonte, Brazil. This time interval relates to availability of research assistants at the institution. Patients admitted to the trauma acute care surgery service that required a laparotomy for trauma or an acute abdomen where an open abdomen strategy was used fulfilled the study inclusion criteria. Patients were excluded if they were less than 18 years of age.
Research assistants approached the primary surgeon in the operating room after the decision to use an open abdomen technique was already made. The acute care surgery/trauma call schedule of the institution has a different team of surgeons on call each day of the week working on 12 h shifts. All surgeons who performed the operations were experienced general surgeons with subspecialization in trauma and acute care surgery. These surgeons were given a questionnaire that described the nature of the study and were asked to select one or more reasons for why they decided to leave the abdomen open.
Management of the patients remained entirely at the discretion of the surgeons.
We defined three basic indications for the use of the open abdomen, anatomical physiological and logistical:
Anatomical indications are represented by the inability to approximate the edges of the laparotomy and perform primary closure, soft tissue loss, or impending risk of abdominal compartment syndrome. Physiological indications pertain to a severe physiologic derangement of the patient requiring damage-control damage control strategies. Logistical indications occur when serial surgical interventions are necessary while preserving fascia.
Surgeons were also allowed not to choose any of the aforementioned indications and/or add additional reasons for the open abdomen. All questionnaires were completed before the surgeon left the operating room and were given directly back to the research coordinator. Research personnel assessed patients daily for clinical outcomes. Patients were followed until the time of hospital discharge or when censored at 7 days.
Statistical analysis
Descriptive statistics were calculated as means, standard deviations, medians, interquartile ranges, and proportions. Patient groups were compared using the non-parametric Wilcoxon two-sample test or Kruskal-Wallis test for age, hospital length of stay, Intensive care Unit (ICU) length of stay, and Injury Severity Score (ISS). Chi-square or Fisher's exact test was used for categorical variables. The association between all three reasons for abdominal closure failure and death was estimated from a logistic regression model (odds ratios and 95 % confidence intervals). All analyses were performed using SAS 9.4 (SAS Institute, Inc., Cary, NC) and SPSS Statistics 22 (IBM, Inc.). Statistical significance was set at a two-sided P-value of 0.05 or less.
Results
A total of 24,218 patients were assessed by the trauma acute care surgery service from January 1, 2012 to December 31, 2012. This included patients presenting with all types of surgical pathologies and traumas of all magnitudes, including minor injuries. Of these, 821 patients required a laparotomy and 313 were screened for eligibility. Another 508 patients also had a laparotomy but were not screened because the operations were not performed during the study hours; 64 of those patients had an open abdomen (12.6 %). Enrollment is outlined in the CONSORT diagram in Fig. 1 .
Forty-five patients had an open abdomen following a laparotomy for either trauma or acute abdomen, on weekdays between 7:00 and 19:00 h, and were enrolled in the study.
The baseline characteristics of the cohort according to each of the three reasons are presented in Table 1 .
The mean age was 38. Because a physiological reason was highly prevalent, we also performed a logistic regression analysis to examine the joint association of all three reasons with successful primary fascial closure. In logistic regression, the adjusted odds ratio (AOR) of primary fascial closure was as follows: physiological (0.08, 95 % CI, 0.01-0.92; p = 0.043); logistical (6.03, 95 % CI, 1.13-32.29; p = 0.036); and anatomical (0.83, 95 % CI, 0.16-4.18; p = 0.816) (Table 3) .
Intraoperatively, patients with logistical reasons had significantly higher rates of packing than when that reason was not present (42.9 % vs. 0 % p < 0.001). Bowel resections and bowel left in discontinuity were also more common in patients with logistical reasons; respectively (57.1 % vs. 12.5 %; p = 0.004 and 42.9 % vs. 0 %; p < 0.001) ( Table 4) . The overall mortality rate was 44.4 %. Of the 20 patients that died, 14 (70 %) died within the first 24-h. Mortality was most common in patients with physiological reasons (n = 19, 50.0 %); however, none of the reasons were significantly associated with mortality. Bleeding was the most common cause of death for all reasons. Multi-organ failure as a cause of death was lower in patients with anatomical (anatomical 12.0 % vs. without anatomical 40 %; p = 0.041) and logistical reasons (logistical 9.5 % vs. 37.5 % without logistical reason; p = 0.040).
Discussion
The open abdomen strategy is commonly used in modern surgical practice. With greater understanding of damage control principles it has become widely adopted by trauma and acute care surgeons [1] . Our knowledge of the open abdomen has, however, trailed behind our enthusiasm, as the indications guiding its appropriate use remain undefined.
Furthermore, despite employing techniques previously described to repair incisional ventral hernias and the significant improvement in mesh construction early closure of the open abdomen remains a challenge [9, 10] . The average rate of primary fascial closure was 62 % in a recent systematic review and meta-analysis involving more than 3000 patients with open abdomens [11] . It was demonstrated in that study, after adjusting for patient heterogeneity, that primary fascial closure had a significant role in mortality reduction, decreasing complications and hospital length of stay [11] . These findings highlight the importance of judicious use of the open abdomen strategy.
Progress towards better defining its indications has been hampered by the lack of a common language and the absence of the widespread adoption of an open abdomen classification system. With the introduction of consensus definitions and a new system of standardized nomenclature, there has been some headway with the former but a SD standard deviation, ISS injury severity score, T temperature, WBC white blood cell count, Fi0 2 fraction of inspired oxygen, SBP systolic blood pressure, AKI acute kidney injury, ACS abdominal compartment syndrome robust classification system is still missing [5, 12] . Additionally, diverse practice patterns between studies and the inclusion of heterogeneous population of patients have contributed to the paucity of evidence-based data [3, 6] . The need for higher quality data in all facets of the management of the open abdomen has been the impetus for the development of an International Register of Open Abdomen promoted by the World Society of Emergency Surgery [3] . Nevertheless, no level one recommendations can be made with respect to the indications for the open abdomen in damage control or emergency general surgery [3, 7] . The classification presented herein, defines three categories that encompass all of the indications for the open abdomen: anatomical; physiological; and logistical. We believe that this classification has practical application and effectively homogenizes patients based on clinical features and outcomes. Furthermore, it is applicable to both trauma and non-trauma populations, and introduces a simple standardized nomenclature that will facilitate communication and future studies. Moreover, our classification in no way negates previously defined indications for the open abdomen in damage control surgery [13] [14] [15] [16] [17] [18] .
Damage control surgery laid the foundation for our understanding of the open abdomen and, as a result, the use of the open abdomen in modern surgical practice has largely been extrapolated from the damage control surgery literature. Hence, it is not surprising that the most common category used to define the indications for the open [5, 20] . This classification describes four categories that are based on the degree of adhesions and degree of enteric contamination. One of the strengths of this classification lies in its ability to describe the natural history and grade the progressively increasing complexity of the open abdomen management [21] . Included in the most complex category are, enteric leak, deteriorating grade, and the presence of an enteroatmospheric fistula. All have been shown to reliably predict a worse clinical outcome [20, 21] . This classification, however, has limited usefulness in its ability to establish the initial indications for leaving the abdomen open [22] . Arguably, knowledge of the initial indication should be an integral component of a classification system and is a requisite for facilitating communication between clinicians and investigators. Moreover, since the determinants of the aforementioned classification are predominantly anatomically based it is not sufficiently broad to encompass all of the potential contexts where an open abdomen strategy may be applied.
Since surgeons in our study reported their reasons for leaving the abdomen open immediately after the conclusion of the operation, our findings provide an accurate representation of current surgical practice and offer insight into surgeons' motives for using this surgical strategy. Physiological reasons were the most prevalent indication for the open abdomen in our study. This finding is consistent with a survey of American Association for the Surgery of Trauma members in which respondents reported, "damage control surgery" (a surrogate for physiological derangements) as the most common reason for leaving the abdomen open. This was followed by anatomical reasons: "abdominal organ distention" and "inability to close fascia"; and then logistical reasons: "preparation for a 2nd look" [1] . We also observed a similar distribution in the frequency in our study with anatomical reasons being more common than logistical. However, our findings are at variance with the results of a 2004 survey of Canadian Trauma Surgeons, in which 87 % of respondents reported an anatomical reason, "unbridgeable gap", followed by a logistical reason, "planned re-operation", as being the two most frequently reported indications for the open abdomen [2] . The findings of this survey may simply reflect the evolution of our understanding of the open abdomen over a 10-year period but may also reveal the significant variability in practice patterns that exist [23] .
In our study, patients with physiological reasons for the open abdomen were also less likely to have primary fascial closure compared to those without physiological reasons. The higher admission lactate level, lower pH, and lower systolic blood pressure in those with physiological reasons lends further support to the association between the severity of physiologic derangement and the subsequent inability to obtain primary fascial closure. This link was reported in a prospective multi-institutional study that identified risk factors for failure to achieve primary fascial closure among trauma patients with an open abdomen [24] . The authors similarly found that patients who did not have primary fascial closure were more likely to have a lower admission pH and a lactate ≥ 7.5 [24] . Interestingly, the presence of an additional reason (anatomical and/or logistical) to a physiological reason did not confer an increased risk of failure to obtain primary fascial closure in our series. The eleven patients who had isolated physiological reason may therefore represent a cohort of patients at greatest risk for failed fascial closure. This was contrary to our intuitive assumptions that the presence of multiple indications would increase the risk of failure of primary fascial closure. This should be explored further.
We found that patients with a logistical reason were most likely to have primary fascial closure compared to those without a logistical reason. Logistical determinants are frequently based upon a deliberate decision to return to the operating room rather than the status of the abdominal wall or the patient's clinical condition. In logistical reasons, fascial closure is usually possible and would be physiologically tolerated but the decision is made not to close the abdomen. Several studies have demonstrated that patients who require fewer re-laparotomies, and who have shorter duration of open abdomen management have higher rates of primary fascial closure [25, 26] . Earlier closure has also been associated with improved post-operative outcomes [27] . In our series, logistical reasons, as expected, were associated with significantly higher rates of the bowel left in discontinuity and packing compared to the absence of that reason. In both of these clinical scenarios, a high rate of successful primary fascial closure would be expected at the first re-laparotomy [25] . The greater potential for obtaining early primary fascial closure is a defining characteristic of patients with logistical reasons and likely contributes to the high rate of fascial closure observed in this cohort.
Recently, Chiara et al. led an expert panel on open abdomens in trauma and published consensus recommendations defining the indications for its appropriate use [28] . The authors recommend the use of the open abdomen technique in several clinical scenarios, all of which can be organized into anatomical, logistical, and/or physiological categories described in our classification system. In that study, extreme visceral edema, retroperitoneal swelling, and elevated bladder pressure when closing harmonize with anatomical reasons for the open abdomen described herein. Logistical reasons include planned re-laparotomy for vascular/gastrointestinal injuries or mesenteric ischemia, packing, hematoma requiring a second look, and peritoneal contamination that has not resolved at the conclusion of the first operation [27] . Physiological reasons include, critically ill patients requiring abbreviated "damage control" procedures [28] . Similarly, the Eastern Association for the Surgery of Trauma Practice Management Guidelines recommends the use of the open abdomen in the context of severe abdominal trauma with intra-abdominal packing, acidosis, hypothermia, clinical coagulopathy, and massive transfusion [4] . Moreover, severe necrotizing pancreatitis and severe intrabdominal infection/peritonitis are part of the indications for the open abdomen in emergency general surgery [4] . Essentially, the three categories described in our study act as umbrella terms that encompass a broad range of clinical scenarios that could guide decisionmaking when considering the use of the open abdomen strategy. Therefore, we suggest that perhaps one should ask if there are any anatomical, logistical and or physiological reasons to leave the abdomen open before opting for this strategy. We consider that if none of these reasons are present the abdomen should be closed.
While the use of the open abdomen in trauma is widely endorsed by important guidelines, its use in the non-trauma setting is often contradictory [25] . In a recent meta-analysis of the open abdomen in non-trauma patients the most frequent indication was a planned re-laparotomy (or logistical according to our classification) [25] . This is in contrast to a retrospective review on damage control surgery in nontrauma patients where physiological reasons were more frequently described for leaving the abdomen open [27] . Moreover, practice patterns differ considerably in the nontrauma setting with some endorsing the use of the open abdomen only when the abdominal cavity cannot be physically closed [25] . The majority of our non-trauma patients had multiple indications for the open abdomen with both physiological and logistical reasons being present in all but one patient. Thus, our classification is conceptually useful for organizing the indications of the open abdomen in both the trauma and the non-trauma settings.
There are important limitations to our study. The majority of patients in our cohort had multiple reasons for undergoing an open abdomen procedure. This frequently resulted in the same patient being analyzed in more than one group. This potentially limits our ability to attribute with certainty specific clinical characteristics and outcomes to a single reason. In retrospect, it would have been ideal to have the surgeons in our study indicate their primary reason for using the open abdomen followed by their secondary and tertiary reasons when present. Analyzing patients into seven groups that would encompass all of the possible combinations of the three reasons would allow for more specific comparisons. Due to the relatively small sample size in each of these seven groups we were unable to obtain any meaningful analysis with such an approach in the present study. Since the primary intent of this study was to introduce a new classification system, patients were censored early during their hospital course limiting conclusions with respect to complications and long-term follow-up. The consequences of the limited use of negative pressure wound therapy in our cohort also apply to that limitation. We also observed a high mortality rate in our study interfering with a comprehensive analysis of the primary fascial closure rate in each category. Lastly, this study was conducted at a single-center with recruitment being limited to daytime hours; a multi-center trial with the potential for 24-h recruitment would improve patient accrual and provide means to further investigate the applicability of our classification.
Conclusions
The classification, presented herein, proposes that all the indications for the open abdomen can be organized into three categories: anatomical; physiological; and logistical. These categories establish a practical and comprehensive terminology that could help to promote appropriate use of the open abdomen. Our findings suggest that there are significant differences among each of these categories with respect to clinical characteristics and primary fascial closure rates. Efforts are currently underway to conduct a large multi-center prospective observational study to validate this proposal.
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